Non-linear thermal radiation effects on non-aligned stagnation point flow of Maxwell fluid have been carried out in the present investigation. It is observed that the non-linear radiation augments the temperature and heat transfer rate. This physical phenomenon is translated into a system of partial differential equations (PDEs). After useful transformation, these non-linear constitutive equations are transformed into a system of ordinary differential equations (ODEs) and interpreted numerically by means of parallel shooting technique. Effects of pertinent parameters on flow and heat transfer are elaborated through tables and graphs. It is observed that radiation and surface heating enhance the rate of heat transfer, however Prandtl number has inverse relation with thermal boundary layer thickness. It has been observed that for increasing Prandtl number, heat transfer rate enhances. The detailed discussion of heat transfer rate is also presented in this study. Flow pattern is judged through streamlines graphs. It is also observed that oblique stagnation point flow behaves like orthogonal stagnation point flow, when free stream velocity is very large as compared to stretching velocity.
Introduction
A stagnation-point arises when fluid strikes at a surface and, its velocity becomes zero. During the last few decades, stagnation point flows have been studied by many researchers. The interest of researchers in stagnation point flow is due to its wide applications in industrial and engineering problems, such as cooling of nuclear reactors and electronic devices by fans, solar central receivers exposed to wind currents [1] [2] [3] , the environment [4] and several others. The maximum heat transfer and pressure gradient are observed in the region of the stagnation point flow. Figure 1 shows that the fluid strikes at a stretching surface with an arbitrary angle of incidence, and the fluid away from the surface moves with the free stream velocity U e = ax + by (x and y are coordinates along x-axis and y-axis respectively and a and b are dimensional constants having dimension [1/T]). Stuart [5] was the first who initiated the work in this field and found analytical solution for the case when fluid impinging obliquely at the plane surface. Tamada [6] , and Dorrepaal [7] , generalized the case of stagnation point. In their study, they found the solution of oblique stagnation point flow (when the fluid is making acute angle with the plate). However, at right angle the case of orthogonal stagnation point flow can also be achieved. Oblique stagnation flow over a stretching surface was initially investigated by Reza and Gupta [8] . They found that no boundary layer exits when stretching and free stream velocities become same. Husain et al. [9] extended the work of oblique stagnation point flow for viscoelastic fluid model, Mahapatra et al. [10] studied radiation effects in oblique stagnation point region, Lok et al. [11] , considered micropolar fluid model and Yajun et al. [12] studied magnetic effects on heat and fluid flow in stagnation point region.
Unlike Newtonian fluid model, which are governed by a single constitutive equation, non-Newtonian fluid models are complex and it is hard to express them in a single constitutive equation. Different types of models have been proposed by many researchers due to their applications in industries. Amongst these models, the Maxwell model has received a special attention due to its simplicity describing the rheological effects of viscoelastic fluids. Wang and Tan [13] , used modified Maxwell model to study the linear stability with soret effects. They found that oscillatory convection of system destabilized by the soret effect and instability of the system increases with the increase of relaxation time. Noor Fadiya [14] studied the hydromagnetic flow of Maxwell fluid under thermophoretic effects and found Homotopic solutions and analyzed that the boundary layer thickness is decreasing function of thermophoretic parameter. Javed and Ghaffari [15] , generalized the idea of stagnation point flow of Maxwell fluid. Abel et al. [16] , Mukhopadhyay [17] , Nadeem et al. [18] also carried out further studies.
Flow over a stretching surface has significant importance due to its extensive use in industries such as wire drawing, hot rolling, cooling of metallic sheets, glass fibers, and many others. Magyari and Keller [19] widely discussed this topic theoretically and numerically. During the last few decades, the study of stagnation point flow over a stretching surface has remained an interesting problem for many researchers. Crane [20] was the first, who studied the stretching sheet problem and found analytical solution. Rajagopal et al. [21] was among the earlier scientists who studied the flow of a viscoelastic fluid over a stretching sheet, Mahapatra and Gupta [22] discussed magnetic effects in the region of the stagnation point flow over a stretching sheet. Nazar et al. [23] investigated a micropolar fluid flow over a stretching sheet in the stagnation point region. Later, Layek et al. [24] , Hayat et al. [25] , Zhu et al. [26] , and Bhattacharyya [27] discussed various effects of the stagnation point flow on linear and nonlinear stretching surface.
During the technological processes at high temperatures (e.g. cooling glass sheet etc.), thermal radiation effects play an important role which cannot be neglected. Gupta and Gupta [28] studied the heat transfer over a stretching surface with suction or blowing and discussed the different aspects of the problem. Recently, Mahapatra and Gupta [29] investigated heat transfer in stagnation point region toward a stretching sheet. Raptis et al. [30] studied the effects of thermal radiation on hydromagnetic flow. Pop et al. [31] extended the work of Mahapatra and Gupta by introducing radiation effects. In present problem study of oblique stagnation point flow of Maxwell fluid with radiation effects over a stretching sheet has been carried out numerically using parallel shooting technique. Effects of different parameter on heat and fluid flow are discussed through tables and graphs. in detail. An excellent agreement of results has been found with Pop et al. [31] and Labropulu et al. [32] .
Flow equations
In present study, steady two-dimensional oblique stagnation point flow of Maxwell fluid over a stretching sheet is considered. The stretching sheet is taken along the plane y = 0 and flow is confined along y-axis. The sheet is stretched with velocity U w = cx, where c (> 0) is stretching constant. The governing equations of the present problem are
Where "div" represents divergence operator,V = [ū,v, 0] is the velocity vector,ū andv are velocity components alonḡ x andȳ coordinates. Where bar represents the dimensional quantities, later these quantities will be converted into dimensionless form. p is the pressure, ρ is the density, k is the thermal conductivity of the fluid, c p is the specific heat at constant pressureT and represents the temperature of the fluid. The radiative heat flux q r and extra stress tensorS for Maxwell fluid are defined as
where σ * , α r , α s , µ, and λ 1 are the Stefan-Boltzmann constant, the Rosseland mean absorption coefficient, the scattering coefficient, dynamic viscosity of the fluid, and relaxation time of the material respectively.Ā 1 is the first RivlinEricksen tensor defined bȳ The operator D/Dt is defined for a contravariant vector and for a contravariant tensor of rank 2 respectively in Eq. (7) and (8) 
Applying divergence on both sides of Eq. (5), we get
operating (1 + λ 1 (D/Dt)) on both side of Eq. (2) and then eliminating (1 + λ 1 (D/Dt))∇ ·S from Eq. (9), we obtain
The second factor on left side of the above equation is a vector, using Eqs. (7) and (1), Eq. (10) takes the following form in components
y-component:
The boundary conditions of the current flow problem are [29] 
where a, b and c are positive constants having dimension (time) −1 . By using boundary layer approximation [31] , the above equations reduce to the following form
Introducing the following transformation as suggested by Labropulu et al. [29] 
We obtain the following equation in dimensionless form
and boundary conditions take the form as
Let us assume that ambient temperature of the fluid is T ∞ and the temperature of the stretching plate is T w . The energy equation in dimensionless form using the transformation given in Eq. (15) reduces to the following form
and boundary conditions are
where Pr is the Prandtl number, θ w is the surface temperature, and Rd is the radiation parameter defined as:
By using the continuity equation, we define the stream function ψ such that
Now substituting Eq. (21) 
where β = λ 1 c is a dimensionless number called Deborah number, which represents the fluidity of the material and γ = b/c represents the shear in the free stream. Suppose that the solution of Eqs. (22, 23) subjected to the boundary conditions defined in Eq. (24) is of the form we get
After eliminating the pressure, Eq. (26) takes the form as
where A is a constant that accounts the boundary layer displacement. After comparing the coefficients of x 1 and x 0 in Eq. (29) , following system of equations is obtained
Energy equation is
Where the prime denotes the derivative with respect to y. For the simplicity, a new variable is introduced which is defined as g (y) = γh(y), Eq. (31) with boundary conditions reduce to
It is necessary to mentioned here that for a Newtonian fluid (β = 0) and orthogonal stagnation point flow (γ = 0) Eqs. (30) and (32) reduce to Eqs. (6) and (7) as reported by Pop et al. [31] . The dimensionless components of velocity are
The physical quantity of interest is the local Nusselt number, which is defined as
and
Upon using dimensionless variables given in Eq. (15) the above equation reduces to
Numerical method
Non-linear equations (30), (32) , and (34) subject to the boundary conditions (33) and (35) have been solved numerically by using parallel shooting method [34] . For the solution of highly non-linear problems, the parallel shooting method is better as compared to the simple shooting method because the simple shooting method is hard to use due to its dependence on initial guess. The method of parallel shooting is very efficient for the solution of this kind of problems. The method is described as follows (i) Equations (30), (32) and (34) , are reduced in the system of first order differential equations by letting f = f 1 , h = f 4 and θ = f 6
and boundary conditions are expressed as (iii) The problem is solved over each subinterval such that it satisfies the boundary conditions at y ∞ .
(iv) Initial guess is supplied for the first interval and then the obtained solution is taken as initial guess for the next interval and so on.
(v) Algorithm is developed in MATLAB R2010a.
Results and discussion
The nonlinear ordinary differential Eqs. (30) , (32) , and (34) with boundary conditions (33) and (35) have been solved numerically. The numerical values of f (0), h (0), A and Nusselt number are shown in tables. In Table I , the comparison is given for f (0), h (0), and boundary layer displacement 'A' with results obtained by Labropulu et al. [32] when β = 0. It is found that the calculated results are highly accurate and in good agreement with Labropulu [32] . It can be seen from the Table I that the value of f (0) is increasing with the increase of a/c. The comparison of Nusselt number with the result obtained by Pop et al. [31] is shown in Table II . The results shown in braces are reported by Pop et al. [31] . Present results as a limiting case are shown in the Tables I  and II , which establish a good agreement with the previous results. However, a small difference arises due to change in numerical technique. In present study the parallel shooting method is used where Pop et al. [31] solved with the help of simple shooting method. For infinite domain, simple shooting method is hard to use due to its dependence on initial guess. In present study, the boundary edge reaches to y = 200, for large value of radiation parameter and small Prandtl number. It is observed from the The effects of parameters namely, the velocity ratio parameter a/c, the Deborah number β, the shearing parameter γ, the radiation parameter Rd, and the surface heating parameter θ w on the velocity and temperature profiles are shown through Figs. 2-8. In Fig. 2 , it is seen that due to stretching and straining velocities two boundary layer structures appear as reported by Mahapatra and Gupta [27] . Figures 2 and 3 Fig. 3(a) , it is observed that the effect of β is very small for small values of a/c. It is noticed that the velocity of the fluid increases with the increase of when a/c < 1 and it decreases with the increase in β when a/c > 1. Figure 3 illustrates that the velocity in the case of nonorthogonal stagnation point flow is greater than that of or- thogonal stagnation point flow. Figures 4 and 5 show the temperature profiles for the different values of the radiationconduction parameter Rd and surface heating parameter respectively. In both figures, the thermal boundary layer thickness increases with the increase of radiation-conduction parameter and surface heating parameter. Figure 6 shows the effects of Prandtl number on the temperature profile for small and large values of a/c. It depicts that with the increase of Prandtl number, the thermal boundary layer thickness decreases, meaning that fluids of high Prandtl number are responsible for more heat transfer. The effects of Deborah number β on temperature profile have also been shown in Fig. 7(a,b) for both small and large values of Prandtl number. Figure 7 (a) shows the temperature profile for a/c = 0.1. In this case thermal boundary thickness increases with increase in the values of β. On the other hand, Fig. 7(b) shows an opposite behavior i.e thermal boundary thickness decreases with increase in the values of β. In Fig. 8 , the temperature profile for the different values of a/c (ratio of straining and stretching) is shown which depicts that with increase of a/c, thermal boundary layer thickness decreases respectively. Figures 9 and 10 show the flow pattern of the oblique stagnation point flows (γ = 0). Both cases of favorable (γ > 0) and unfavorable (γ < 0) are considered. Figure 9 illustrates the increase in obliqueness with increase in the values of shearing parameter γ. In the stagnation point region the velocity of the fluid increases with increase in the values of |γ|. Figure 10 further shows that by increasing free stream velocity, the streamlines of oblique stagnation point flow look like those of the orthogonal stagnation point flow. 
Concluding remarks
The radiation effects on the flow of Maxwell fluid near the oblique stagnation point over a stretching sheet is studied. The effects of different parameters on heat and fluid flow are discussed through graphs and tables. This study concludes that the boundary layer thickness decreases with increase of a/c in the oblique stagnation point flow. The thermal boundary layer thickness increases with the increase of radiationconduction and surface heating parameters. It is also noted that with the increase of free stream velocity the temperature of the fluid decreases near the wall. On the other hand, temperature of the fluid increases with increase of stretching velocity. The velocity of the fluid also increases with the increase of shearing parameter γ.
